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[Pemi ndahan Haba Proses]
Duration : 3 hours
[Masa : 3 jam]
Please check that this examination paper consists of FIVE pages of printed material
and NINE page of Hppendix before you begin the examination.
[Sila pastikan bahawa keftas peperiksaan ini mengandungi LIMA muka surat yang
-bercetak dan SEMBILAN muka surat Lampiran sebelum anda memulakan
pepeiksaan ini.l
lnstructions: Answer any FOUR (4) questions.
[Arahan: Jawab mana-mana EMPAT (4) soalan.]
You may answer your questions either in Bahasa Malaysia or in English.




Answer any FOUR questions.
Jawab mana-mana EMPAT soalan.
l. [a] A horizontal pipe 15 cm in diameter and 4 m long is buried in the earth with
the centre at a depth of 20 cm. The pipe wall temperature is 75oC, and the heat
lost by the pipe is 859.6 W. Assuming that the thermal conductivity of the
earth is 0.8Wm.oC, calculate the earth surface temperature.
Sebatang paip mendatar berdiameter I5 sm dan panjang 4 m ditanam sedalam
20 sm di bawah permukaan tanah. Dinding paip bersuhu 75oC, dan haba yang
hilang daripada paip ialah 859.6 l4t. Anggap konduktit,iti terma untuk tanah
ialah 0.8Wm.oC. kirakan suhu permukaan tanah.
t6 marks/markahJ
tb] A small laboratory furnace has outside dimensions of 50 cm x 50 cm x 50 cm.
The walls are l0 cm thick and made of fireclay brick (k : 0.11 W/m.K).
Determine the power required for steady operation at a temperature of 600 K
when the outside wall temperature is 350 K.
Sebuah relau makmal bersaiz kecil mempunyai dimensi luar 50 sm x 50 sm x
50 sm. Dinding relau berketebalan I0 sm dan dibuat daripada bata tanah liat
(k : 0.11 Wm.K). Kirakan kuasa yang diperlukan untuk operasi mantap pada
suhu 600 K sekiranya dinding luar bersuhu 350 K.
[7 marks/markahJ
[c] Air at 2 atm and 200oC at the inlet is heated as it flows through a tube of
diameter 2.54 cm at a velocity of l0 m/s. Calculate the:
(Jdara masukan pada 2 atm dan 200"C dipanaskan semasa memasuki .sebuah
tiub yang berdiameter 2.54 sm pada kelaiuan l0 m/s. Kirakan-'
ti] heat transfer per unit length of tube if a constant heat flux condition is
maintained at the wall. The wall temperature is 20"C above the air
temperature all along the length of the tube.
perpindahan haba per panjang tiub sekiranya keadaan fluk haba
malar pada dinding. suhu dinding adalah 20"C melebihi suhu udara di
sepanjang tiub.
[7 marl<s/marknhJ
tii] increase of the bulk temperature over a 3 m length of the tube?
peningkatan suhu pukal sepanjang 3 m tiub?
[5 marks/markahJ
2. [a] A wall with a cross sectional area of I m2 consists of 15 cm of concrete [k:
1.2Wlm.Kl,5 cm of fiberglass insulation [k = 0.038 W/m.K], and 0.95 cm of
gypsum board Ik : 0.05 W/m.Kl. T!t. inside and outside convection
coefficients are I 1.34 and 36.69 W/m2.K, respectively. The outside air
temperature is -6"C, and the inside temperature is 22"C. Calculate the:
Sebuah dinding berkeluasan I m2 terdiri daripada konlvit [k : I 2 W/m.KJ
berketebalan l5 sm, penebat kaca gentian [k : 0.038 Wn.KJ berketebalan
5 sm dan papan gipsum [k : 0.05 W/m.KJ berketebalan 0.95 sm. Pemalar
olaknn dalam dan luar masing-masing ialah 11.34 dan 36.69 Wm2'K. Suhu




til overall heat-transfer coefficient for the wall
pemalar pemindahan haba untuk dinding




[iv] temperature at the interface between fiberglass and gypsum board
suhu di ontara permukaan gentian kaca dan papan gipsum
p 2 marks/marknhJ
Air at 1 atm and l0"C flows across a bank of tubes 15 rows high and 5 rows
deep at a velocity of 7 m/s measured at a point in the flow before the air enters
the tube bank. The surfaces of the tubes are maintained at 65oC. The diameter
of each tube is 2.54 cm. They are arranged in an in-line manner so that the
spacing in both the normal.and parallel direction to the flow is 3.81 cm.
Calculate:
Udara pada I atm dan I0"C mengalir melalui tiub bank yang terdiri daripada
I5 baris tinggi dan 5 baris dalam pada kelajuan 7 m/s dikira pada titik aliran
sebelum udara memasuki tiub bank. Suhu permuknan tiub-tiub dikekalkan
pada 65oC. Diameter setiap tiub ialah 2.54 sm. Tiub-tiub ini disusun dalam
-aturan 
seragam dan jarak di antara arah normal dan selari kepada aliran
ialah 3.81 sm. Kirakan:
ti] the exit air temperature
suhu udara keluar
[6 marks/markohJ
tii] total heat transfer per unit lenglh for the tube bank
perpindahan haba keseluruhan per unit panjang untuk bank tiub
[7 marlcs/markahJ
A 20 m length of mild steel steam pipe has an outside diameter of l5 cm and a
wall thickniss of 0.7 cm. It is insulated with a 5.3 cm-thick layer of
magnesium insulation. Superheated steam at 500K flows through the pipe, and
the inside heat transfer coefficient is 35 Wm2.K. Heat is lost by convection to
surroundings at 300K. The sum of outside convection coefficients is estimated
to be 8 Wm2.K. Assume steady state one-dimensional heat flow with frste.t =
54 W/m K and kr.sn.riu. : 0.073 wm'K. Find the rate of heat loss for the
pipe.
Sebuah paip ketuli lembut dengan paniang 20 m, diameter luar 15 sm dan
berketebalan 0.7 sm disalut dengan lapisan salutan magnesium berkctebalan
5.i sm. Stim pemanasan lampau pada 500K mengalir melalui paip tersebut'
Pemalar pemindahan haba dalam ialah 35 Wm2'K. Haba hilang secara
perotakai ke persekitaran pada 300K. Jumlah pemalar perolalwn luar ialah
8 Wm2.K. Andaikan keadaan mantap dengan aliran haba pada satu dimensi
serta kunti : 54 Wm K dan k^o*rrium : 0.073 Wm'K. Kiralun kadar





A fine wire having a diameter of 0.02 mm is maintained at a constant
temperature of 54oC by an electric current. The wire is exposed to air at I atm
and 0"C. Calculate the electric power necessary to maintain the wire
temperature if the length is 50 cm.
Seutas wayar halus berdiameter 0.02 mm ditetapkan suhu pada 54"C oleh
arus elektrik. llayar ini didedahkan pada udara pada I atm dan }oC. Kirakan
lruasa elehrik yang diperlukon untuk mengekalkan suhu woyor sekiranya
panjang wayar 50 sm.
[8 marl<s/markahJ
A steel plate 1 cm thick is taken from a furnace at 600oC and quenched in a
bath of oil at 30'C. If the heat transfer coefficient is estimated to be 400
Wm2.K, how long will it take for the plate to cool to 100'C?
Given: k, p, & c, for the steel as 50 Wm K, 7800 kglm', attd 450 J/kg K,
respectively.
Sebuah plat keluli berketebalan I sm dikeluarkan daripada relau dan
ditindap-kejut di dalam takungan niinyak pada 30"C. Sekiranya pemalar
pemindahan haba ialah 400 Wmt.K, berapakah masa yang diperlukan oleh
plat untuk mencapai suhu 100"C?
Diberi; k, p, & c, untuk ketuli masing-masing sebagai 50 Wm K, 7800 kg/m3,
don 450 J/kg K.
[9 marl<s/markahJ
A glass plate I in Figure Q.4. [a] made from a fused qvartz material can
transmit 80% of all incident thermal radiation of wave length between 0.2 and
0.9 pm. The plate receives radiation from a source (shown as a small oval in
Figure Q.a.[a]) at a temperature of 5838'C. Assuming that the surface of plate
2 is a blackbody, calculate the radiant energy per unit area (Wm') received by
plate 2 from plate I .
Suatu plat gelas I daripada Rajah S.a. [aJ diperbuat daripada bahan kuartz
fius yang boleh memindahknn 80% daripada keseluruhan radiasi terma
pantulan gelombang di antara 0.2 dan 0.9 prn. Plat tersebut menerima
daripada satu sumber (berbentuk bujur seperti di dalam Rajah S.a.[aJ) radiasi
pada suhu 5838"C. Andaiksn permukaan plat 2 adalah badan hitam, kiraknn













tbl Assuming plate 3 receives energy only from plate 2, how much energy is
received by plate 3?
Andaipon ptat 3 menerima tenaga hanya daripada plat 2, berapaleah tenaga
yang diterima oleh Plat 3? [4 marks/markahJ
[c] Two parallel disks having diameters of 50 cm are separated by a distance of
12.5 cm and placed in a large room at 300K. One disk (disk 1) is at 1000K and
the other (disk 2) is maintained at 500K. Calculate the heat transfer rate from
each disk. Show appropriate diagram to facilitate your calculation.
(Given: Fr-z : 1X-1x2-+;'/'1/2,*h"r"X: (2R2+1)/R2 and R: d/2x)
Dua cakera selari bergarispusat 50 sm dipisahknn sejauh l2-5 sm dan
diletakkon di sebuah bfllr bisar pada 300K. Satu cakera (cakera l) adalah
pada 1000K dan cakera satu lagi (cakera 2) dikekalkan pada 500K. Kiraknn
kadar pemindahan haba dori setiap cakera. Tunjukknn gambarajah yang
bersesuaian untuk memudahknn pengiraan anda'
(Diberikan: Ft-2: 1X-1f -q1/21t2, di manaX: QR2+l)/R2 dan R: d/2x)
[9 marl<s/marknhJ
5. A 0.5 x 0.5 m vertical plate is maintained at2l0.5K. The plate is exposed to saturated
carbon dioxide at 1.0133 bar. Assuming film condensation occurs, calculate:
Suatu 0.5 x 0.5 m plat menegak dikekatknn pada 210.5K. Plat tersebut didedahkan
kepada knrbon dtokstda tepu pada 1.0133 bar. Andaiknn kondensasi filem berlaku,
kiraknn:
[a] the rate of carbon dioxide condensation
kodar kondensasi karbon diol<sida
fl 3 marl<s/markahJ
tb] the thickness of the carbon dioxide film at the lowest position'




pr: ll18.28l kg/m3, pe: l.7l5kg/m3, p: I .72xI0a kglm.s, h1g:343 kJ/kg
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1Properties of air at atmospheric pressuref
IEKC 2l3l
The values of p, k, c p:and Pr are not strongly pressure-dependent
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IJpper surface of heated Plates
oitoot"t surface of cooled Plates
LJpper surface of treated Plates
oitlo*"t surface of cooled Plates
Lower surface of treated Plates






Svstem of unit conversion
Quantity Equivalent unit
Mass I kg:1000 g:0.001 metric ton=2.20462Ib :35-27392 ounces
-nt
I Ib : 16 ounces:5x10 tons = 453.593 g = 0.453593 kg
Length 6 tuI m = 100 cm : 1000 mm : l0 pm : l0 angstrom :39.37 in
:3.2808 ft : 1.0936 yards :0.0006214 mile.
Volume 6 3 6lm =1000L:10 cm =l0ml
3
=35.J145 ft:264.17 gal
JJ-JI ft = 1728 in : 7.4805 sat = 0.028317 m
3
= 28.317 L : 28317 cm
Force 5 5lN=lkg.m.s:10
I Ib = 32.174Ib ft.s
dyne = l0 g.cm.s = 0.22481 Ib-f
= 4.4482 N
-2
Pressure 525lI atm = 1.01325x10 N/m (Pa) = 1.01325x10 kgl(m.s ):760 torr
: 760 mmHg = 14.696 psi = 1.01325 bar
Energy 7 -,I J:1 N.m : l0 dyne.cm =2.778x10 kW.h:0.23901 kal
-4
= 0.7jj6 ft-Ib = 9.486x10 BtuJ
Power -4I W = I J/s : 0.23901 cal/s = 0.7376 ft-Ib/s : 9.486x10 Btu/sf
-3: 1.341 x l0 hp
Properties of saturated steam
-4- IEKC 2l3l
















h = 6.625x10 Js (Plank's constant)
-8
o : 5.669x10 (Stefan-Boltzman constant)
rcc) P (bar) V (m"/l<s.\ U (KJlkel H (KJlkelV, V. U, U" H, Hn HN
l0 0.0t227 0.00r000 106.4 42.0 2389.3 42.0 2477.9 2519.9
20 0.0234 0.001002 57.8 83.9 2403.0 83.9 2454.3 2538.2
30 0.0424 0.001004 32.9 r25.7 2416.7 125.7 2430.7 2556.4
40 0.0738 0.001008 r9.55 167.4 2430.2 t67.5 2406.9 2574.4
50 0.1234 0.001012 12.05 209.2 2443.6 209.3 2382.9 2592.2
60 0.t992 0.001017 7.678 251.1 2456 251.1 2358 2609
70 0.3117 0.001023 5.045 293.0 2469 293.0 2333 2626
80 0.4736 0.00r029 3.408 334.8 2482 334.9 2308 2643
90 0.7011 0.001036 2.361 376.9 2493 377.0 2282 2659
100 r.0t3l 0.001044 r.673 419.0 2507 419.0 2255 2674
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-7 - IEKC 2131






















0.15 0.2 0.3 0.5 r.0 1,5 2 3 5
Ratio Z/X
Radiation shape t'actor for radiadon between perpendicular




















i = o.ea3l P'(P',-.e)qn*lf'''r.-w.=.rlffil





n = {ffi],"', whcre H.726(oa nrbe}, cd).i55 (in nftG)
' 
= hlL +0,375c nr{{* - ti )
-9- IEKC 213l
n = O,hul
; Reo > tr800
8750 + 58Pra'5
h# =hr*r,# +h*hv'
. ck,l sb, - P,b*D'lu'n*n= nl6 1
C : A.62 {hori linder).0.67
'r--T*
*=2.253(44,)'* t#m' i2 < p< 6atn
*= 
2&3.2pqt (ar")' s[/m2 ;8 < P < 14 affn
h =2.s4(a1:f eeltr5t
ft=e.esr{ar;}3s
Table l: Radiation firnctiou (continue)
]rT
tarrK
Eo^ /Tt
lIT
Er*^,
dro
m'Ko lmx l0rt
44000
45000
46000
47000
48000
49000
50000
0.00059
0.00054
0.00049
0.00046
0.00&+2
0.00039
0,00036
0.99842
0.99851
0.99861
0.99869
0.99877
0.99884
0.99890
o.zs_ 253
